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Abstract

Background: Appropriate allocation of nursing staff is key to ensuring efficient nursing in hospitals, and is significantly
correlated with patient safety, nursing quality, and nurse job satisfaction. However, there are few studies on nursing
workforce allocation in the isolation wards of COVID-19 designated hospitals globally. This study aims to better
understand the nursing workforce allocation in the isolation wards of COVID-19 designated hospitals in China, and
provide a theoretical basis for efficiently deploying first-line nurses in China and across the world in the future.

Methods: An online survey was conducted among the head nurses (n =229) and nurses (n = 1378) in the isolation
wards of 117 hospitals (selected by stratified sampling), using a self-reported human resource allocation questionnaire.

Results: The average bed-to-nurse ratios of different isolation wards were different (Z=36.742, P = 0.000). The bed-to-
nurse ratios of the ICU, suspected COVID-19 cases ward, and confirmed COVID-19 cases ward, were 1:1.88, 1:0.56, and 1:
045, respectively. The nurse work hours per shift in different isolation wards were also different (Z = 8468, P =0.014),
with the specific values of the ICU, suspected COVID-19 cases ward, and confirmed COVID-19 cases ward, being 5, 6,
and 6 h, respectively. A correlation analysis showed that the average work hours per shift was proportional to the
overtime work of nurses (r; = 0.146), the proportion of nurse practitioners was proportional to the overall utilization rate
of nursing human resources in the wards (r; = 0.136), and the proportion of nurses with college degrees was proportional
to teamwork (ry = 0.142). The proportion of nurses above grade 10 was inversely proportional to teamwork and
psychological problems (r; = 0.135, ry = 0.203). The results of multiple stepwise regression analyses showed that the work
hours of nurses per shift was the main factor affecting nurse satisfaction and that the proportion of nurses and the work
hours of nurses per shift were both independent factors affecting the length of stay (LOS) of patients.

Conclusion: Hospitals in China have made good nursing workforce allocations during the COVID-19 pandemic, but there
are certain shortcomings. Therefore, scientific and efficient nursing workforce allocation practice plans should be
established to improve the ability of hospitals to deal with public health emergencies and are urgent problems that need
to be addressed soon.
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What is already known

e Nursing workforce allocation is significantly
correlated with patient safety, nursing quality, and
nurse job satisfaction.

e There are no criteria on nursing workforce
allocation in the isolation wards of COVID-19 desig-
nated hospitals globally.

What this paper adds

e The bed-to-nurse ratios of isolation wards differ. In
detail, they are 1:0.56 in suspected cases wards,
1:0.45 in confirmed cases wards, and 1:1.88 in con-
firmed severe cases wards (ICUs).

e The average nurse work hours per shift of the ICU,
suspected COVID-19 cases ward, and confirmed
COVID-19 cases ward are 5, 6, and 6 h, respectively.

e The work hours of nurses per shift is the main
factor affecting nurse satisfaction. Furthermore, the
proportion of nurses and the work hours of nurses
per shift are both independent factors affecting the
length of stay (LOS) of patients.

Background

COVID-19 (Corona Virus Disease 2019) is an acute re-
spiratory infectious disease that is mainly transmitted by
contact with respiratory droplets [1]. Since December
2019, the pandemic has spread globally and has the
characteristics of being rapid, causing great harm, and
being extensive, which seriously threatens public safety
and society. On January 20, 2020, China’s Health Com-
mission stipulated that COVID-19 control would require
measures for the prevention and control of “Class A” in-
fectious diseases [2]. On January 30, 2020, the World
Health Organization (WHO) listed the COVID-19 pan-
demic as a major international public health emergency
[3]. To date, there has been a total of more than 169
million confirmed cases and 3.5 million deaths from this
pandemic. It has become the largest public health emer-
gency in the world in more than a century.

In the face of COVID-19 outbreaks, hospitals, as the
main battlefields, undertake the important tasks of
screening suspected cases, diagnosing and treating con-
firmed cases, and rescuing critical cases. As a result,
nurses on the frontlines are facing greater challenges.
On the one hand, the demand for nursing staff and their
proficiency are rising globally, while on the other hand,
the accuracy and timeliness of nursing workforce alloca-
tion have increased requirements. In addition, consider-
ing the specifics of COVID-19 disease and the great
need for prevention and control, the nursing workload
has greatly increased and nursing workforce allocation
has been severely challenged.
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To our knowledge, having enough nurses with man-
ageable workloads is beneficial to patients, medical staff,
and hospital operations. It has been verified that there is
a significant correlation between the scientific allocation
of nursing human resources and the sensitive indexes of
nursing quality, patient safety, patient mortality, and job
satisfaction [4, 5]. Among these, it is noteworthy that
nurse job satisfaction should be considered as one key
evaluation metric of nursing allocation since it was veri-
fied that nursing staff level (e.g., nurse to patient ratio,
nurse working hours, and nurses skill mix) was associ-
ated with nurse job satisfaction [6]. Besides, evidence
continues to show that better hospital nurse staffing is
associated with a shorter length of stay (LOS). In detail,
nurse staffing improvements by allocating one patient
per nurse resulted in reductions in LOS (IRR =0-97, p =
0-035) [7]. Hence, to ensure efficient nurse staffing, it is
necessary to understand the staffing level of frontline
nursing staff in COVID-19 designated hospitals and its
relationship with nurse satisfaction and LOS.

At present, there are few studies on the allocation of
the nursing workforce in the isolation wards of COVID-
19 designated hospitals globally. Previous research has
only suggested that COVID-19 patients undergoing
mechanical ventilation should have assigned nursing
based strictly on a nurse to patient ratio of 1:1 [8]. One
study [9] has preliminarily discussed nursing workforce
allocation methods that can be adopted for the COVID-
19 pandemic, and another study [10] has investigated
the actual work hours and expected work hours of front-
line nurses in each shift. However, there is a lack of large
sample surveys on overall nursing workforce allocation
in the isolation wards of COVID-19 designated hospitals
in China.

Therefore, the purpose of this study is to assess: 1) the
present situation and evaluate nursing workforce alloca-
tion in isolation wards (i.e., suspected case isolation,
confirmed case isolation, and ICU wards), 2) the job sat-
isfaction of front-line nursing staff, and 3) the relation-
ship between nursing staffing and LOS, during the
COVID-19 pandemic. This would provide a reference
for nursing workforce allocation in COVID-19 desig-
nated hospitals in China. It also provides an important
reference for scientifically and efficiently deploying the
frontline nursing workforce in China and globally, for
future public health emergencies.

Methods

Participants

In this study, 132 COVID-19 designated hospitals from
31 provincial administrative districts in China were se-
lected using stratified sampling. The head nurses and
nurses in the isolated wards of these hospitals were
asked to complete a self-reported nursing human
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resource allocation questionnaire that includes three
parts: (1) informed consent form; (2) general data of
hospitals and participants; (3) evaluation of the status
quo and its effect on the isolated nursing workforce allo-
cation. The inclusion criteria for the participants were as
follows: (1) being the head nurse or a nurse in the isola-
tion ward of a COVID-19 designated hospital, and being
engaged in caring for COVID-19 patients for more than
1 month; (2) having volunteered to participate in this
study.

Procedure

From April 11 to July 31, 2020, a retrospective cross-
sectional online survey to explore frontline nursing staff
allocation in the isolation wards of COVID-19 desig-
nated hospitals was conducted. First, participants pro-
vided informed consent on the survey platform before
they could proceed to the survey items. Next, the ques-
tionnaire was sent to each participant via a mobile
phone text message or Wechat, and the respondent
could only complete the questionnaire once to avoid re-
peated submissions. One week after the questionnaire
was sent, the researcher verified the number and quality
of completed questionnaires. In case of any ambiguities,
the researcher could contact the participants by tele-
phone to verify the accuracy of the data.

Statistical analysis

Quantitative data were presented as means or medians
with interquartile ranges as appropriate, whereas cat-
egorical data were presented as frequencies and corre-
sponding ratios. Differences in nursing staff level among
different wards were analyzed using the Kruskal-Wallis
Test, while relationships between the nursing staff level
and effect evaluation index (e.g., rate of fatigue, medical
staff satisfaction) were assessed using Spearman or Pear-
son correlation analyses as appropriate. Independent
predictors of nurses’ satisfaction or patients’ length of
hospitalization were then identified via logistic regres-
sion analyses. All statistical analyses were conducted
using SPSS 16.0 (IBM, NY, USA), and statistical signifi-
cance was based on a p-value of 0.05.

Results

Characteristics of participants

In this study, a total of 229 head nurses and 1378 nurses
from 117 COVID-19 designated hospitals were surveyed.
Among head nurses, 223 (97.4%) were women with a
median age of 39 years, 85.2% had a bachelor’s degree,
55.5% had a professional title of ‘nurse supervisor’, and
the median length of employment was 20 years. Among
frontline nurses, 1285 (93.3%) were women with an aver-
age age of 31.48years, 76.0% had a bachelor’s degree,
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and 76.0% had a professional title of ‘nurse’. More details
are presented in Table 1.

Nursing workforce allocation in different types of
isolation wards

From Table 2, it can be seen that: (1) the average bed-
to-nurse ratio of different types of isolation wards was
different (Z=36.742, P=0.000). Multiple comparisons
show that there was no statistically significant difference
in bed-to-nurse ratio between the wards of suspected
cases and confirmed cases (1:0.56 vs 1:0.45, P =0.077).
However, differences in other pairwise comparisons were
statistically significant, among which the bed-to-nurse
ratio in the ICU ward was the highest, with an average
of 1:1.88; (2) work hours of nurses per shift in different
types of isolation wards were different (Z =8.468, P =
0.014). Multiple comparisons showed that there was no
significant difference in the average work hours per shift
between the suspected case wards and confirmed case
wards (P =0.433), but differences in other pairwise com-
parisons were all statistically significant. The average
work hours per shift in the severe ICU ward was 5h,
while in the suspected case and confirmed case wards
were both 6h; (3) in terms of nursing staff structure,
there was a significant difference in the ratio of nurses
with junior college degrees in different wards (Z = 8.693,
P =0.013). Multiple comparisons showed that there was
no significant difference in the proportion of nurses with
junior college degrees between the suspected case and
confirmed case wards (40% vs 38%, P = 0.256), but differ-
ences in other pairwise comparisons were all statistically
significant. The ratio of nurses with junior college de-
grees in the severe ICU ward was 20%, and the propor-
tion of nurses with bachelor’s degrees was as high as
73%.

Correlation analysis between nursing workforce allocation
and effect evaluation

We found that the overtime work of nurses was propor-
tional to the average work time per shift (ys=0.146, p =
0.028) and inversely proportional to the weekly rest time
(ys =—0.195, p = 0.003). The utilization of nursing human
resources was significantly positively correlated with the
proportion of senior nurses (ys=0.136, p = 0.039). Phys-
ical fatigue of nurses was positively correlated with the
ratio of nurses with bachelor-level and above degrees
(ys=0.133, p=0.044), but was significantly negatively
correlated with the weekly rest time (ys=-0.155, p =
0.019). The ratio of nurses with junior college degrees
was significantly positively correlated with teamwork
(ys=0.142, p =0.032), but significantly negatively corre-
lated with the satisfaction of head nurses (ys=0.137, p =
0.040). The proportion of nurses who have been working
for more than 10years were significantly negatively
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Table 1 General information of participants in isolation wards of COVID-19 designated hospitals

Items Classification N,%
Head nurse (n =229) First-line nurse (n=1378)
Age (years) <30 2 (09) 680 (49.3)
30-39 114 (49.8) 612 (44.4)
40-49 106 (46.3) 71 (52)
250 7 (3.1) 15 (1.1)
Sex Male 6 (2.6) 93 (6.7)
Female 223 (974) 1285 (93.3)
Ethnicity Han 202 (88.2) 1240 (90.0)
Minority 27 (11.8) 138 (10.0)
Educational level Junior college 25 (109) 1047 (76.0)
Undergraduate 195 (85.2) 314 (22.8)
Graduate degree 9 (3.9 17 (1.2)
Professional title Nurse 19 (83) 1047 (76.0)
Supervisor nurse 127 (55.5) 314 (22.8)
Associate professor or above 83 (36.2) 17 (1.2)
Hospital level Level lll hospital 195 (85.1) 1219 (88.4)
Level Il hospital 34 (14.9) 159 (11.6)
Hospital category General hospital 144 (62.9) 1109 (80.5)
Specialized Hospital 85 (37.1) 269 (19.5)
COVID-19 designated hospital level® Provincial level 104 (454) 517 (37.5)
Municipal level 78 (34.1) 546 (39.6)
District level 47 (20.5) 315 (229
Isolated ward category Suspected case ward 65 (28.4) 370 (26.9)
Confirmed mild case ward 8 (3.5) 116 (8.4)
Confirmed mixed case ward 119 (52.0) 637 (46.2)
Confirmed severe case ward (ICU) 37 (16.2) 225 (16.3)

A hospital that has been designated by the National Health Commission of the People’s Republic of China to receive and cure COVID-19 patients

correlated with both teamwork and psychological prob-
lems (ys=-0.135 p=0.041; y,=-0.203, p=0.002).
Additional details regarding this analysis are presented
in Tables 3 and 4.

Multiple analysis of the effect of nursing workforce
allocation

First, we performed a multiple stepwise regression ana-
lysis to identify potential predictors of first-line nurses’
satisfaction, yielding the following model equation: Satis-
faction =4.703 - (0.051 x nurse work hours per shift)
(see Table 5 for details). This model demonstrated that
only the nurse work hours per shift was predictive of
nurses’ satisfaction, accounting for 5.2% of the variance
in these values. Next, the average length of stay (LOS) of
patients was considered as another evaluation index, and
we found that the proportion of nurses and the work
hours of nurses per shift were both independent influen-
cing factors, and the regression equation was formulated

as follows: LOS =19.581 - (6.72 x nurse ratio) - (0.632 x
nurse work hours per shift) (Table 6).

Discussion

Number of nurses in isolation wards

In this study, we found that the bed-to-nurse ratios of
the suspected case and confirmed case wards were ap-
proximately 1:0.56 and 1:0.45, respectively, and that for
the confirmed severe case ward (ICU) was approximately
1:1.88. These results were consistent with those of Cao
et al. [11], i.e, the bed-to-nurse ratio of the suspected
case and confirmed case wards were both 1: 0.45, while
the bed-to-nurse ratio was lower than the reported ratio
of 1: < 2.5 in the ICU. Wang et al. [12] refined the allo-
cation of nursing workforce per shift, pointing out that
the nurse-to-patient ratio per shift was 1:5 for the sus-
pected cases ward, 1: 3 for the confirmed cases ward,
and 1:1 for the ICU. Besides, it was identified that the
nurse-to-patient ratio should be 1:1 per shift for patients
who have prone position ventilation, invasive mechanical
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Table 2 Nursing workforce allocation in different types of isolation wards

M (P75 - P25) Statistical P
Items Suspected case ward Confirmed case ward Confirmed severe value
case ward (ICU)

Average bed-to-nurse ratio 1:0.56 (0.58) 1:045 (047) 1:1.88 (1.83) 36.742 0.000
Average shift hours (h) 6 (2) 6 (4) 5(4) 8468 0.014
Average weekly rest time per person (d) 2 (0) 2(1) 21 4006 0.135
Primary nurse ratio (%) 27 (31) 27 (25) 21 (24.5) 2.863 0.239
Senior nurse ratio (%) 43 (29.5) 43 (26) 50 (16.5) 4188 0.123
Supervisor nurse ratio (%) 17 (19.5) 20 (16) 18 (19.5) 3.066 0216
Associate professor or above ratio (%) 0 (7.5 3(8) 2(7) 0.157 0.925
Junior college degree ratio (%) 40 (43.5) 38 (47) 20 (28.5) 8693 0.013
Undergraduate degree ratio (%) 58 (44.5) 62 (43) 73 (38) 5683 0.058
Graduate degree ratio (%) 0 (0) 0 (0) 0 2771 0.250
Proportion of 0-2 working years (%) 9 (18.5) 6 (14) 8 (15.5) 3,548 0.170
Proportion of 3-5 working years (%) 25 (6) 22 (18) 24 (14) 3453 0.178
Proportion of 6-9 working years (%) 32 (20.5) 31 (18) 31 (26.5) 0421 0.810
Proportion of more than 10 working years (%) 27 (26) 30 (23) 25 (16.5) 3.668 0.160
Overtime (n,%)

Absolutely not 8(12.3) 21 (17.6) 4(10.8) 3810 0432

Very few 39 (60.0) 57 (47.9) 18 (48.6)

More 18 (27.7) 41 (34.5) 15 (40.5)
Nursing staff utilization (n,%)

Insufficient 9(13.8) 6 (5.0) 0 (0) 10.356 0.035

Sufficient 45 (69.2) 94 (19.0) 27 (73.0)

Excessive 11 (16.9) 19 (16.0) 10 (27.0)
Overworked (n,%)

Absolutely not 35 (53.8) 50 (42.0) 10 (27.0) 8559 0.051

Very few 28 (43.1) 66 (55.5) 27 (73.0)

More 2(3.1) 3(25) 0 (0.0
Psychological problems (n,%)

Absolutely not 50 (76.9) 85 (714) 23 (62.2) 2.251 0.287

Very few 15 (23.1) 34 (286) 14 (37.8)
Teamwork (n,%)

Very good 59 (90.8) 100 (84.0) 33 (89.2) 1.691 0430

Better 6092 19 (16.0) 4(10.8)
Satisfaction (n,%)

Satisfaction 58 (89.2) 103 (86.6) 32 (86.5) 1.853 0.810

General 6(9.2) 15(12.6) 4(10.8)

Dissatisfaction 1(1.5) 1(0.8) 12.7)

ventilation, or hemodynamic instability. This is consist-
ent worldwide [8]. Therefore, if we encounter a pan-
demic similar to COVID-19 again, it is suggested that
designated hospitals refer to this practical experience for
the preliminary allocation of the nursing workforce, and
thereafter combine the characteristics of each hospital
with the number of patients for a dynamic allocation of

the nursing workforce. In summary, the allocation of
nursing human resources is the basis for the prevention
and control of public health emergencies such as the
COVID-19 pandemic. In the future, real-time nurse-to-
patient ratios of clinical decision-making systems can be
used to appropriately allocate the workforce. Also, based
on the preset nurse-to-patient ratio, combined with the
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Table 3 Assignment of independent variables
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Variable

Assignment

Overtime work

Human resources utilization

Have to change jobs or vacations because of physical fatigue
Have to change jobs or leave because of psychological problems
Teamwork

Head nurse satisfaction

not at all =1; rarely =2; more=3

insufficient = 1; sufficient = 2; excessive = 3

not at all =1; rarely =2; more=3

not at all =1; rarely =2; more=3

very good = 1; better = 2; moderate = 3; bad =4

satisfaction = 1; general = 2; dissatisfaction = 3

number of real-time patients, the reasonable number of
nurses and the number of surplus nurses in each ward
can be calculated, which can help in the dynamic alloca-
tion of the nursing workforce [13].

Nurse structural configuration in isolation wards

This study found that the structure of nurses in different
isolation wards was consistent in the distribution of pro-
fessional titles and working years, i.e., the professional ti-
tles of nurses were dominated by the title of ‘senior
nurse’ which accounted for an average of 43 to 50% of
all nurse titles. The proportion of nurses working for 0—
2 years was less than 10%, while the average distribution
was in the medium or many years of service, with 3-5
years of service accounting for about 30%, and > 10 years
of service accounting for 5-9%, respectively. The differ-
ences were mainly in the educational background of
nursing staff. The proportion of nurses with junior col-
lege degrees in different wards was different (Z = 8.693,
P=0.013). The proportion of nurses with junior college
degrees in the suspected case and confirmed case wards
were similar (40% vs 38%, P =0.256), while in the ICU
ward it was only 20%, and the proportion of nurses with
bachelor’s degrees was as high as 73%. This indicates
that nurses must have strong professional nursing and
isolation protection skills, especially nurses in the ICU,

since they are in close contact with patients and provide
care for patients with serious conditions or high failure-
to-rescue rates. Thus, nursing care during the COVID-
19 pandemic is beyond the standard of regular nursing
care and has higher requirements for professional liter-
acy [14]. At present, there is a lack of research on nurse
structural configurations in various forefronts of the
COVID-19 pandemic. The results of this study can pro-
vide a reference for hospitals globally on the response to
the COVID-19 pandemic and to optimize the mix of
skills among nurses.

Nurse rostering in isolation wards

A good nurse rostering should not only ensure the qual-
ity of clinical nursing but also meet the resting needs of
nurses, to ensure the safety and continuity of nursing
care and maximize the efficiency of nursing workforce
allocation and nursing service quality. The results of this
study showed that nurses in the suspected case and con-
firmed case wards worked an average of 6h per shift,
which was higher than that of 109 COVID-19 first-line
nurses who worked 5h per shift, while their desired
work hours per shift was 4h [10]. The average duration
of shift for nurses in the ICU ward of confirmed cases in
this study was 5 h per shift, which was higher than the 4
h recommended by the National Health Commission of

Table 4 Relationship between nursing workforce allocation and effect evaluation

Overtime work Human resources Physical fatigue Psychological Teamwork Satisfaction
utilization problems

Average bed-to-nurse ratio —-0.107 0.052 0.087 0.039 —-0.006 -0.028
Average shift hours (h) 0.146° 0.055 -0.112 —-0.046 —-0.009 0.035
Average weekly rest time per person (d) —-0.195° —0.004 —-0.155° —0.056 —0027 0.037
Nurse ratio (%) 0.018 -0.104 —-0.003 —-0.002 0.078 -0.034
Senior nurse ratio (%) —-0.071 0.136° 0.005 0.015 -0.021 —0.071
Supervisor nurse or above ratio (%) 0.115 -0.008 —-0.027 0.041 0.046 -0.013
Junior college degree ratio (%) 0.049 -0.041 —0.068 -0.052 0.142° -0.137°
Undergraduate degree or above ratio (%) —0.021 0.013 0.133° —0.031 -0.106 —0.006
Proportion of 0-5 working years (%) —0.052 0.097 —0.056 0.013 0.145° -0.018
Proportion of 6-9 working years (%) —-0.009 0.000 0.000 0.008 0.035 —-0.084
Proportion of more than 10 working years (%) —0.059 -0.107 0.009 -0.203° -0.135° -0.018

Statistically significant difference
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Table 5 Multiple stepwise regression analysis of factors influencing satisfaction

Equation B S.E Standardized B t P R?
Constant 4.703 0.103 45.550 <0.000 0.052
Nurse work hours per shift —0.051 0.015 -0.228 —3.515 0.001

the People’s Republic of China [15]. These numbers il-
lustrate that on the one hand, there is a lack of nurses,
while on the other hand, it may be due to the shortage
of protective equipment, such as masks and isolation
gowns. Hospitals have to extend nurses’ work hours per
shift to reduce the use of new protective equipment.
However, excessively long work hours will not only lead
to increased fatigue and psychological pressures for
nurses but may also affect the quality of clinical nursing
care. In addition, the results of regression analyses in
this study showed that the work hours per shift was the
main factor influencing nurses’ satisfaction and the aver-
age hospitalization days of patients. Thus, it can be seen
that nurse rostering is one of the important indicators of
scientific and reasonable allocation of the nursing work-
force. Some studies recommend that direct nursing care
should be 4 h per shift, while indirect nursing care could
be 6 to 8 h per shift [12, 16]. Other hospitals have sug-
gested that the general isolation ward could adopt an 8-
h shift and a 4-h shift, inside and outside the isolation
area, respectively. Each shift could have a resting time of
2 or 3 days per week. Besides, the ICU could adopt the
“4 x 6-1” model of nurse rostering, i.e., each shift would
be 4h a day, for 6days in a row, with 1day off [11].
Therefore, nurse managers may attempt to change the
general nursing work mode, according to the type and
content of the assignment, adjust the work hours of each
shift, and implement flexible duty shifts.

Evaluation of nursing workforce allocation in isolation
wards

We found that the overall nursing workforce allocation
in the isolation wards of COVID-19 designated hospitals
in China is better than stipulated above. For example,
the satisfaction of nurses is high, the utilization rate of
nursing human resources is sufficient, and the team co-
operation is good. However, the problem of long work
hours for nurses does exist. In particular, 27.7% of hospi-
tals had nurses working overtime, with nurses working
more than 60% of their usual work hours. Correlation
analysis identified that the overtime work of nurses was

proportional to the average work time per shift (y,=
0.146) and inversely proportional to the weekly rest time
(Ys = — 0.195), which indicates that for longer work hours
of nurses, the occurrence of overtime work is more ser-
ious. The reason could be heavy workloads or the lack
of nursing staff. Therefore, to allocate the nursing work-
force effectively, it is necessary to accurately consider
the needs of patients, and the number of nurses, and
their physical and mental needs, to ensure that nursing
care can be conducted continuously and effectively.

We also found that the overall rate of nursing human
resource utilization was proportional to the proportion
of senior nurses in the ward (rs=0.136), implying that
the greater the proportion of senior nurses in the ward,
the higher the utilization rate of nursing human re-
sources, which further illustrates that senior nurses play
an important role during the COVID-19 pandemic. In
addition, the ratio of nurses with junior college degrees
was significantly positively correlated with teamwork
(rs =0.142), which indicates that nurses with junior col-
lege degrees were weak in teamwork and communica-
tion skills. The ratio of nurses who have worked for
more than 10 years was inversely proportional to team-
work and nurses’ psychological problems (rs=0.135, rg =
0.203), which indicated that nurses with more work ex-
perience had stronger abilities for team cooperation,
communication skills, and coping skills under pressure.
But research conducted by Wang et al. [17] pointed out
that the proportion of nurses with work experience of
<5vyears was a protective factor for preventing adverse
events. Therefore, the proportion of nurses at all levels
should be taken into account in the allocation of the
nursing workforce in response to public health emergen-
cies in the future.

Research limitations

This study has the following limitations: 1) being a retro-
spective survey, the results of this study may have mem-
ory bias; 2) the research is not adequately detailed, such
as for the allocation of nursing workforce per shift and
the nurse rostering model, etc. This study adopted a

Table 6 Multiple stepwise regression analysis of factors influencing LOS

Equation B SE Standardized B t P R?
Constant 19.581 2.170 9.024 0.000 0.046
Nurse ratio —6.72 2.797 —-0.158 —2.402 0.017

Nurse work hours per shift -0.632 0.280 —-0.149 —2.257 0.025
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self-reported questionnaire of nursing human resource
allocation of the isolation wards in COVID-19 desig-
nated hospitals during the pandemic, and due to the lack
of practical experience and theoretical knowledge, the
researchers were not proficient in the design of appro-
priate investigative tools. Hence, it was difficult to con-
duct an in-depth exploration of the research results. In
the future, it is necessary to improve the quality of inves-
tigative tools and conduct an in-depth analysis of nurs-
ing human resource management during the COVID-19
pandemic.

Conclusions

The outbreak of COVID-19 has led to a global economic
recession and has seriously threatened population health,
social stability, and national public health security. The
COVID-19 pandemic may continue in the future, hence
the rational allocation of the nursing workforce is the
guarantee for sustainable disease prevention and control.
Hospitals in China had implemented a rapid response to
the COVID-19 pandemic and achieved good results in
nursing workforce allocation, but some shortcomings do
exist. For instance, the nursing workforce of the first-
line isolation ward varies greatly in different hospitals,
the allocation of nursing workforce allocation is insuffi-
cient, the overall utilization rate of the nursing work-
force is at a high level, and the average shift duration is
higher than expected. Therefore, it is imperative to es-
tablish a scientific and efficient practical scheme for
nursing workforce allocation in the future and improve
the ability of hospitals to deal with public health
emergencies.

Abbreviations
COVID-19: Corona Virus Disease 2019; WHO: World Health Organization;
ICU: Intensive Care Unit; LOS: Length of stay

Acknowledgments

We sincerely thank all participants from 117 COVID-19 designated hospitals
in China. We also appreciate Yi-juan Cheng and Bo Gu for their guidance on
study design, and Cong Wang, Rui-xue Zhang and Cong-yu You for their as-
sistance in data collection.

Authors’ contributions

All authors participated and approved the final manuscript. RHF: study design,
data collection, data analysis/ interpretation, drafting article, critical revision of
article, and writing-original draft. CFJ & HLX: study design, data collection and
quality control. LCQ & LYY: data entry, analysis and interpretation. HYJ & HH &
FS: data collection and quality control. ZMG & JY: study design, project
administration, critical revision of article.

Funding

This study was supported by the Science and Technology Research Project
of COVID-19 of Chengdu (No. 2020-YF05-00028-SN), West China Nursing Dis-
cipline Development Special Found Project, Sichuan University (No.
HXHL20049), the Sichuan Province Science and Technology Support Program
(2021YJ0431) and Science and Technology Research Project of COVID-19 of
West China Hospital, Sichuan University (No. HX-2019-nCoV-059). The funder
had no role in study design, data collection, and analysis, decision to publish,
or preparation of the manuscript.

Page 8 of 9

Availability of data and materials

The datasets generated and analysed during the current study are not
publicly available because they contain private information about hospitals
and patients, but they are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

All methods were carried out following relevant guidelines and regulations.
This study was approved by the Biomedical Ethical Committee of West
China Hospital, Sichuan University (No.2020-514) and all respondents gave
permission by an signed electronic informed consent. The participants could
participate in the study voluntarily and could withdraw if they wanted it at
any time.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"West China School of Nursing, Sichuan University, NO. 37 Guoxue Alley,
Wuhou District, Chengdu 610041, Sichuan Province, China. *Department of
Gastroenterology, West China Hospital, Sichuan University, NO. 37 Guoxue
Alley, Wuhou District, Chengdu 610041, Sichuan Province, China.
*Hematology Department of West China Hospital, Sichuan University, NO. 37
Guoxue Alley, Wuhou District, Chengdu 610041, Sichuan Province, China.
“Trauma Center of West China Hospital, Sichuan University, NO. 37 Guoxue
Alley, Wuhou District, Chengdu 610041, Sichuan Province, China. *Operating
Room of Anesthesia Surgery Center, West China Hospital, Sichuan University,
No. 37, Guoxue Alley, Wuhou District, Chengdu 610041, Sichuan, China.
®Nursing Key Laboratory of Sichuan Province, Sichuan University, No. 37,
Guoxue Alley, Wuhou District, Chengdu 610041, Sichuan, China. "Neuro
General Ward of West China Hospital, Sichuan University, NO. 37 Guoxue
Alley, Wuhou District, Chengdu 610041, Sichuan Province, China. ®Nursing
Department of West China Hospital, Sichuan University, NO. 37 Guoxue Alley,
Wuhou District, Chengdu 610041, Sichuan Province, China.

Received: 29 June 2021 Accepted: 21 December 2021
Published online: 19 January 2022

References

1. The Lancet. Emerging understandings of 2019-nCoV. Lancet. 2020;
395(10221):311. https://doi.org/10.1016/S0140-6736(20)30186-0.

2. The National Health Commission of the People’s Republic of China. 2020.
http://www.nhc.gov.cn/xcs/zhengcwj/202001/44a3b8245e8049d2837a4f2
7529cd386.shtml.

3. World Health Organization. Novel Coronavirus (2019-nCoV) situation report-
12. 2020. https://www.who.int/csr/don/12-anuary-2020-novel-coronavirus-
hina/en/.

4. Needleman J, Buerhaus P, Pankratz VS, Leibson CL, Stevens SR, Harris M.
Nurse staffing and inpatient hospital mortality. N Engl J Med. 2011;364(11):
1037-45. https://doi.org/10.1056/NEJMsa1001025.

5. Aiken LH, Sloane DM, Bruyneel L, Van den Heede K, Griffiths P, Busse R,
et al. Nurse staffing and education and hospital mortality in nine European
countries: a retrospective observational study. Lancet. 2014;383(9931):1824—
30. https://doi.org/10.1016/50140-6736(13)62631-8.

6. Kaunonen M, Salin S, Aalto P. Database nurse staffing indicators: explaining
risks of staff job dissatisfaction in outpatient care. J Nurs Manag. 2015;23(5):
546-56. https//doi.org/10.1111/jonm.12169.

7. McHugh MD, Aiken LH, Sloane DM, Windsor C, Douglas C, Yates P. Effects of
nurse-to-patient ratio legislation on nurse staffing and patient mortality,
readmissions, and length of stay: a prospective study in a panel of hospitals.
Lancet. 2021,397(10288):1905-13. https://doi.org/10.1016/50140-6736(21
)00768-6.

8. Morley G, Grady C, McCarthy J, Ulrich CM. Covid-19: ethical challenges for
nurses. Hast Cent Rep. 2020;50(3):35-9. https://doi.org/10.1002/hast.1110.


https://doi.org/10.1016/S0140-6736(20)30186-0
http://www.nhc.gov.cn/xcs/zhengcwj/202001/44a3b8245e8049d2837a4f27529cd386.shtml
http://www.nhc.gov.cn/xcs/zhengcwj/202001/44a3b8245e8049d2837a4f27529cd386.shtml
https://www.who.int/csr/don/12-january-2020-novel-coronavirus-hina/en/
https://www.who.int/csr/don/12-january-2020-novel-coronavirus-hina/en/
https://doi.org/10.1056/NEJMsa1001025
https://doi.org/10.1016/S0140-6736(13)62631-8
https://doi.org/10.1111/jonm.12169
https://doi.org/10.1016/S0140-6736(21)00768-6
https://doi.org/10.1016/S0140-6736(21)00768-6
https://doi.org/10.1002/hast.1110

Ren et al. BMC Nursing (2022) 21:23 Page 9 of 9

9. Zhang X, Jiang Z, Zhang F, Yuan X, Hu R, Zhang X, et al. Discussion on the
estimation method of optimal bed nursing ratio in infectious disease
hospitals under the background of COVID-19. Gen Nurs. 2020;18(10):1200-3.

10.  Zhang X, Jiang Z, Yuan X, Wang Y, Huang D, Hu R, et al. Nurses reports of
actual work hours and preferred work hours per shift among frontline
nurses during coronavirus disease 2019 (COVID-19) epidemic: a cross-
sectional survey. Int J Nurs Stud. 2020:1036-5. Advance online publication.
https://doi.org/10.1016/j.ijnurstu.2020.103635.

11. Cao J, Wen M, He Q. Practice of nursing manpower allocation in hospital for
patients with novel coronavirus infection. J Nurs. 2020;17:55-8. https;//doi.
0rg/10.16460/j.issn1008-9969.2020.17.055.

12. Wang H, Feng J, Shao L, Wei J, Wang X, Xu X, et al. Contingency
management strategies of the nursing department in centralized rescue of
patients with coronavirus disease 2019. Int J Nurs Sci. 2020;7(2):139-42.
https://doi.org/10.1016/j.ijnss.2020.04.001.

13. Gu Z Sun S, Zhang J, Liu B, Qiao J. Application effect of hierarchical
echelon management in nursing human resource allocation under COVID-
19 epidemic situation. Jiangsu Health Manag. 2020;10:1283-5.

14. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of
138 hospitalized patients with 2019 novel coronavirus-infected pneumonia
in Wuhan, China. JAMA. 20203;323(11):1061-9. https://doi.org/10.1001/ja
ma.2020.1585.

15. The National Health Commission of the People’s Republic of China. COVID-
19 nursing standard for severe and critical patients. 2020. http://www.nhc.
gov.cn/yzygj/s7653p/202003/8235a35f35574ea79cdb7c261b1e666e.shtml.

16. Wang Y, Wang L, Wang Y, Yu S. Nursing staff management of SARS
designated prevention and treatment hospital. Chin J Missed Diagn. 2003;
10:1595-6.

17. Wang L, Lu H, Dong X, Huang X, Li B, Wan Q, et al. The effect of nurse
staffing on patient-safety outcomes: a cross-sectional survey. J Nurs Manag.
2020;28(7):1758-66. https://doi.org/10.1111/jonm.13138.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.ijnurstu.2020.103635
https://doi.org/10.16460/j.issn1008-9969.2020.17.055
https://doi.org/10.16460/j.issn1008-9969.2020.17.055
https://doi.org/10.1016/j.ijnss.2020.04.001
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
http://www.nhc.gov.cn/yzygj/s7653p/202003/8235a35f35574ea79cdb7c261b1e666e.shtml
http://www.nhc.gov.cn/yzygj/s7653p/202003/8235a35f35574ea79cdb7c261b1e666e.shtml
https://doi.org/10.1111/jonm.13138

	Abstract
	Background
	Methods
	Results
	Conclusion

	What is already known
	What this paper adds
	Background
	Methods
	Participants
	Procedure
	Statistical analysis

	Results
	Characteristics of participants
	Nursing workforce allocation in different types of isolation wards
	Correlation analysis between nursing workforce allocation and effect evaluation
	Multiple analysis of the effect of nursing workforce allocation

	Discussion
	Number of nurses in isolation wards
	Nurse structural configuration in isolation wards
	Nurse rostering in isolation wards
	Evaluation of nursing workforce allocation in isolation wards

	Research limitations
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

